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Magnetic moments =
A

A Charged particle with angular momentum has magnetic moment
| ‘ v @ession
i Classical: b —U B

. . ‘ S A Spins precess in +
b 0] >
I Spin: (; X (; external B field

A Dirac equation for spin - particles: Q ¢ / ‘

ALoop corrections | e@dg(p o)deviation Y
anomalous magnetic moment
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Standard model prediction for muon

Value (Error) p 1t Error [ppb]

=|=|—l Correction

QED 116 584 718.931(104) 0.9
N . . . EW 153.6(1.0 9
Theory prediction: include all Standard Model interactions (19
HVP 6845(40) 343
W W W W W HLbL 92(18) 154
Total ® 116 591 810(43) 369
Muon g2 Theory Initiative recommended valu
T. Aoyama et. alRhys. Rept. 887 (20201166
4 N\ N\ 7/ " . N\
tree-level QED Electroweak Hadronic
Y Y Y Y !
(TR
1l o 1l
Y 0 1l
Z ,Y - - . .
g=2 Schwingerty© | K H Hadrpnlc_ vacuum Hadromc lightby-light
polarization (HVP) scattering HLbL)
A Leptons, photons A Corrections* a T0 A Difficult because QCD nonperturbative
A Termsto 0 | A W, Z, Higgs bosons A HVP calculated from'Q ‘Q © hadrons cross section data
A HVP lattice calculations approaching required precision,
in tension with data-driven calculations
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Fermilab Muon g -2 experiment BNL &2 .
o FNAL ¢ * (Run 1)
A 2006: BNL g-2 measured & to 540 ppb
e g, 420 o
A 2021: FNAL g-2 measured & to 460 ppb Standard Eggg;ggnt
A Combined 4.2, discrepancy between experiment | -—— — e Runs 243
and SM prediction s N —e— RUNS 4+5
. . . . : E::;T;lt:;::?:g[:ext Publication] e deS'gn goa]l
A Fermilab g-2 goal: 4 higher precision than BNL " FNAL dosingont
100 ppb systematic 3, 10° 1165900 J.LaBounty
/ (2.8 improvement)
140 ppb total 317.5{ Muon g-2 (FNAL - Very close to
PP 100 ppb statistical iso_ i ; 20 yBNL I
(4.6 improvement, 312'54 Run-5 | goal:
20 more muons) gwho ‘(e\e’ése ~
A Experiment status ; . (\e* /
A Finished Run 5 in July 2022 U & w dzy & -mBnithT § 6
A Run 2+ analysis in progress oL i data taking period
. . . N . \ o o KA VA EOAEOAY \ Y
A Run 6 (final run) to start in fall e e L e T P e B P e
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Measuring = at Fermilab Muon g -2

A Inject polarized relativistic *  into magnetic storage ring

A "Q ¢ :anomalous precession 1 1 W é(

measure with measure with
calorimeters NMR probes | :

momentum —»
—_—

A Express @ in terms of experimental constants, spin

(exaggerated) "

. ” 0]
with —
t 0 Constant Source

Uncertainty [ppb]

0 Quantum cyclotron spectroscopy

[ Hanneke et. al. 2011.
W — L
aja
.

measureother experiments

Muonium spectroscopy
Liu et. al. 1999.

Hydrogen spectroscopy, NMR

J Phillips et. al. 1977.
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Injecting the muons into the storage ring

Polarized 3.1 GeV * beam Pulsed * beam injected into g-2 storage ring
produced at FNAL Muon Campls
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Storing the muons in the ring

A Storage ring magnet: 1.45 T

A Pulsed kicker magnets shift beam to
nominal orbit

A Electrostatic quadrupoles focus beam
vertically

A Straw tracking detectors reconstruct muon
distribution
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45 mm
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